This study's goal is to determine similarities and differences in the molecular pathways or potential functions of the various targeted regions or genes of the Vegf family-VegfA, VegfB, VegfC, and Pgf-using the BXD genetic reference panel. Data from whole genome expression profiles of retinas from the well-characterized mouse recombinant inbred (RI) strain population derived from C57BL/6J X DBA/2J (BXD) were analyzed. Multiple analytical tools and statistical strategies were used to investigate the expression level. The expression Quantitative Trait Loci (QTLs) of these probes were mapped and compared. Our data showed that VegfA2 has the highest expression levels among all probes of Vegf genes. The expression levels of Vegf family genes are not significantly correlated. In the overall comparison, expression levels of VegfA1 and VegfA2 are positively correlated (R = 0.540). The expression levels of VegfB and VegfC are weakly correlated (R = 0.360). VegfC is also weakly correlated with the expression levels of Pgf (R = 0.324). The interaction of VegfB-and VegfA2-associated 50a2 genes was very weak (R50 ab = 0.3129). The interaction of top VegfB-associated 50b genes with VegfA2 has a reciprocal negative impact (R50ba = −0.42758). The VegfC-associated top 50c genes are strongly correlated with VegfB (R50 cb = 0.8159), while they are negatively correlated with VegfA2 (R50ca = −0.1450). Expression quantitative trait loci (eQTL) analysis suggested that the regulatory mechanisms for the expression levels of these genes in the Vegf family are different from each other. The expression level of VegfA associates with a group of genes that are not associated with other genes in the Vegf family.
Introduction
Angiogenesis is an important biological process of humans and many other organisms, not only under physiological conditions, but also in a variety of diseases (Risau, 1997) . Various studies performed over the past decade demonstrated that vascular endothelial growth factor (VEGF) plays an important role in the regulation of angiogenesis (Ferrara, 2002; Gupta and Zhang, 2005; Risau, 1997; Li et al., 2010) .
VEGF has a higher expression in many eye diseases, such as neovascular age-related macular degeneration (AMD), diabetic retinopathy (DR), retinopathy of prematurity (ROP), and neovascular glaucoma (NVG) (Chen et al., 2015; Penn et al., 2008) . Choroidal neovascularization (CNV) is a major actor in neovascular eye diseases. VEGF promotes the development and growth of CNV membranes (Berg et al., 2015) .
VEGF has been evaluated as the target for several drugs for ophthalmic diseases with associated neovascularization. The VEGF family comprises seven secreted glycoproteins that are designated as VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and placental growth factor (PlGF) (Ferrara et al., 2003; Houck et al., 1991; Suto et al., 2005) . In recent years, anti-VEGF drugs have been used in neovascular AMD and other eye diseases with wide neovascularization. Monoclonal antibodies, such as ranibizumab (Lucentis; Genentech, Inc., South San Francisco, CA), and bevacizumab (Avastin; Genentech Inc., South San Francisco, CA) (Heier et al., 2012; Martin et al., 2012; Suto et al., 2005) function by blocking VEGF-A. Furthermore, VEGF receptor (VEGFR) fusion proteins can be considered to be multiple targets for drugs which include aflibercept (Eylea; Regeneron, Inc., Tarrytown, NJ), and conbercept (Langmu; Kanghong, Inc., Sichuan, China). Both Eylea and conbercept block VEGF-A, VEGF-B, and PlGF (Lu and Sun, 2015; Mitchell, 2013) . The effectiveness of these drugs has been investigated (Rosenfeld et al., 2006; Stewart et al., 2016; Berg et al., 2015; Saviano et al., 2016) . Rasmussen et al. showed that the two groups obtained comparable best-corrected visual acuity (BCVA) outcomes, but with 15% fewer injections of aflibercept compared to ranibizumab (Rasmussen et al., 2017) . Hirakata et al. observed that intravitreal aflibercept was still effective in patients with AMD resistant to ranibizumab (Hirakata et al., 2016) . Conbercept consists of the second extracellular domain of VEGFR-1(FLT1) and was thought to have a stronger binding interaction with VEGF and a longer half-life (Li et al., 2012a) . It was also confirmed as being effective for neovascular AMD and DR (Huang et al., 2012; , and was tested for other eye diseases such as diabetic macular edema (DME), pathological myopia (PM), and retinal vein obstruction (RVO).
Although anti-VEGF drugs showed excellent efficacy in the treatment of neovascular eye disease, there are arguments about the different effects of single-target versus multiple-target drugs. In order to obtain meaningful data, the study of Vegf molecular pathways needs samples of populations of the same age, genomic background, and environment. It is extremely difficult to collect such a population from humans. However, recently substantial progress in whole genome expression profiles in animal models has been made. In particular, the RI strains derived from C57BL/6J (B6) X DBA/2J (D2) are attractive models. The combined BXD strain set is the largest mouse RI gene expression-profiling panel (Wang et al., 2013 (Wang et al., , 2016 Freeman et al., 2011) . The data sets of whole genome gene expression profiling from retina of BXD strains will be used for the investigation of interactions among Vegf family genes.
Materials and methods

Data of gene expression profiles of mouse retina
The expression profiles of VegfA, VegfB, VegfC and Pgf were extracted from the whole genome gene expression dataset of Normal HEI Retina. The HEI Retina Database is located on the GeneNetwork website at (http://www.genenetwork.org/webqtl/main.py). This dataset was generated using retinas from eighty strains of mice, including 75 BXD RI strains, the parental strains (C57BL/6J and DBA/2J), the reciprocal crosses, and the BALB/cByJ mice. The gene expression data were generated using the mouse chip of whole genome-6 version 2 from Illumina (Illumina, San Diego, CA, USA). The data have been validated and normalized using our standard procedures (Freeman et al., 2011) . At present, this is the largest population of whole genome expression profiles of retina RI strains.
Overall analytic procedure
The study was carried out using several steps (Fig. 1) . The sequences of probes of Vegf genes used in the microarray were first identified. Their expression levels then were compared. For the expression levels of each gene, its expression levels in BXD RI strains and their parental strains are treated as one set. R values were obtained by comparing the expression levels between two sets of data of two genes.
The study was further conducted to carefully compare the potential molecular pathways of these genes as follows. The comparison was done using the expression levels of the top 50 of the most corrected genes to each Vegf gene. For each Vegf gene, the top 50 genes that have their expression levels mostly correlated with that of the expression level of each gene were identified. The expression of each of such sets of 50 genes from one Vegf gene then was analyzed as to their correlation to the expression levels of other Vegf genes. The R values of the original 50 genes were then compared to the R values of the same 50 genes obtained by comparing to a different gene in the Vegf family (Fig. 1) . The R values (R50n1n2) were used to interpret the differences and similarities between the molecular pathways of these two genes.
2.3. Vegf family probes: VegfA, VegfB, VegfC and Pgf A total of six probes from four Vegf genes were identified from the Illumina database (https://www.ebi.ac.uk/arrayexpress/files/A-GEOD-17543/A-GEOD-17543.adf.txt). These probes have been used for the detection of expression levels of their corresponding Vegf genes in the microarray analysis data of Normal HEI Retina.
Three of them are probes from VegfA: VegfA1: ILMN_3121255, GGCAGGACCCGCAAGCCCCTCACGGAGG CAGAGAAAAGAGAAAGTGTTTT, a segment from intron 3.
VegfA2: ILMN_2484527, CATCACGTCTTTGTCTCTAGAGCAGTTTT CCGAGATATTCCGTAGTACAT, a segment from 3' UTR.
VegfA3: ILMN_3045723, CAGTTCGAGGAAAGGGAAAGGGTCAAAA ACGAAAGCGCAAGAAATCCCGG, a putative intergenic.
One probe is for VegfB: ILMN_2450384, with sequence: CTGGACCTTTTAGAGAGCTCTCTC GCCATCTTTTATCTCCCAGAGCTGCC, a sequence from 3' UTR.
One probe is for VegfC: ILMN_2486573, with sequence: CCTTTAGTGAAGAAGTATGCCGCT GTGTCCCATCGTATTGGAAAAGGCCA, a sequence from exon 8.
One probe for the PIGF (Pgf): ILMN_2768533. GAACTGGAGAAGAGAAGAGGAGGCCTAGAACCT GCCCTGATTCCCAGCTC, a sequence from 3' UTR.
Co-expression among the probes of Vegf genes
The data for expression levels of all six probes were collected from the dataset of Normal HEI Retina. The expression data of each probe include the expression level of the corresponding gene in all 75 BXD RI strains, the C57BL/6J and DBA/2J), the F1 reciprocal crosses, and the BALB/cByJ mice. The data were transferred into an Excel spreadsheet for the correlation analysis using Excel statistical functions. Correlations among these six sets of data were analyzed to see whether their expression levels are positively or negatively associated with each other. The standard criteria to categorize the strength of the correlation were used (Wang et al., 2016) . Thus, when the R value is equal or more than 0.7 or −0.7, we regard the correlation as strong positive or negative. When the R value is between 0.35 and 0.69 or −0.35 and −0.69, the correlation exists but is not strong. Any R values between 0 and 0.35 or 0 and -0.35 will be treated as no correlation.
Identification of expression levels of highly correlated genes to each probe
The top 50 genes whose expression levels are closely correlated with the expression levels of each of these six probes were collected. After obtaining the data for each probe, the command "Calculate Correlations" on the GeneNetwork was used. In the column of numbers designated "Return", 50 were selected. For the computation method, the "Pearson" correlation was selected. Therefore, the top 50 genes whose expression levels are mostly correlated with each of these 6 probes were obtained. The gene network among these 50 genes was constructed to examine their relationships.
The functional analysis was conducted by using Gene Ontology Tree Machine (GOTM) (http://bioinfo.vanderbilt.edu/gotm). The data for these top 50 genes were uploaded onto GOTM via a link on GeneNetwork. GOTM is used as a public tool for GO enrichment analysis.
Comparison of similarities and differences among correlated genes in the four targeted regions
For each of the top 50 genes correlated with each probe, their data were used to build a correlative matrix with all other VEGF probes at GeneNetwork. These top 50 genes are denoted as 50a1, 50a2, 50a3, 50b, 50c and 50p to indicate their correspondent Vegf probes for VegfA1, VegfA2, VegfA3, VegfB, VegfC, and Pgf, respectively. The matrices are examined for genes that significantly correlate to any of the probes. The summary of Rs values of genes to the probes of genes of the Vegf family is the accumulation of all R values, which is equal to ∑R. The average of the R value of Re for the 50 genes to a probe for Vegf family genes is expressed as ∑R/n. The net summary of Rn values of genes to the probes of genes of the Vegf family is the accumulation of absolute values for all R values, which is equal to ∑│R│. The relative association level (Ra) between each probe for Vegf with the top 50 genes from each probe is calculated by the formula: ∑│R│/n, where│R│ is the absolute value of R values between each probe and the top 50 genes. ∑│R│ is the accumulated value of all the absolute values of R. The variable n is the number of genes, here it is 51-1.
Further comparisons were studied among groups of R values for 50 genes; these are from the associated top 50 genes of different Vegf probes compared with themselves and their highly correlated genes. For the comparisons between R values, the R50n1n2 is used. The n1 represents R values for 50 genes, firstly for the Vegf probe, which is the probe from which the top associated 50 genes are selected; n2 represents the R values compared with the second probe. For example, if J. Cui et al. Experimental Eye Research 176 (2018) 78-87 the r values from the comparisons between each of these 50 genes to VegfA probe (e.g. ILMN_2484527) are compared with the r values of these 50 genes to VegfB probe (e.g. ILMN_2450384), the correlation between these two groups is denoted as R50 ab.
Results
3.1. Expression levels of probes of VegfA, VegfB, VegfC, and Pgf in the mouse retina
The expression levels of probes for these genes in the Vegf family in the BXD strains vary greatly. Two (VegfA1 and VegfA2) of the three probes from VegfA showed high expression levels, with the mean relative expression levels at 10.067 and 12.754. However, the other one (VegfA3) had the lowest expression level among all the Vegf probes, with an average level of 6.607. Probes for VegfB showed a strong expression level, with a mean level of 12.614. Probes for VegfC and PIGF were detected at intermediate levels, with average levels of 7.861 and 9.5. Fig. 2A shows the relative values of expression levels of the total of 6 probes (3 for VegfA, 1 each for VegfB, VegfC, and Pgf).
Matrix comparison shows that two probes from VegfA, VegfA1 and VegfA2, are positively correlated ( Fig. 2B) , with an R value of 0.540 (Table 1) . However, they did not show a correlation to any other probes, including the third probe for VegfA3 (as a result, VegfA3 is not included in the network). The VegfB and VegfC probes are weakly correlated with an R value of 0.360. The VegfC probe is also weakly correlated with the probe for Pgf, with an R value of 0.324 (Table 1) .
Gene network of probes of VegfA and their relationships with probes from other Vegf family genes
The top 50 genes that are closely correlated with the expression of probe for VegfA did not correlate with any of the other probes in the Vegf family. Among three probes of VegfA, two of them are positively correlated while the other is at a low expression level. We therefore used the probe VegfA2 (ILMN_2484527), which is positively correlated with probe VegfA1 and expressed at the highest level, for the analysis of the gene network of VegfA. All of the top 50 genes associated with VegfA2 are positively correlated with the probe for VegfA (Data in Brief Table 1 ). The total value of Rs is 37.228 while Re is 0.7446. These genes were analyzed together for their correlations with probes of other genes in the Vegf family. Surprisingly, none of these 50a2 genes are strongly correlated with other genes (data not shown). The Re values of these 50a2 genes with VegfA1, VegfA3, VegfB, VegfC, and Pgf 0.16802, −0.15622,-0.36344, 0.1706, and −0.1989, respectively. In the same order, the Ra values of these five probes are 0.16802, 0.15762, 0.36344, 0.1816, and 0.1989, respectively. Thus, among 5 other probes, only the VegfB probe showed a potential negative correlation to the 50a2 genes, shown by both Re and Ra values.
Further analysis was conducted to examine the relationship between 50a2 and VegfB. As shown in Fig. 3A , the R values between all of these 50 genes and VegfB probe fall below 0, (except g8, which is at zero), with negative values between −0.193 and −0.463. The correlation analysis of the R50 ab values of these two groups is 0.3129. T-test with paired comparison with two tails resulted in a P50 ab value of 2.34559E-59. These data suggest that the interactions of VegfB with these 50a2 genes associated with VegfA2 have no or very weak correlation, and there may even operate by a completely different mechanism of action.
GO analysis suggests that the top 50 genes are functioning in a wide range of action, including biological processes, molecular functions, and interactions with cellular components. On the aspect of molecular functions (Fig. 3B) , five genes are involved in cytoskeletal protein binding, five genes are involved in passive transmembrane transporter activity, and six genes are involved in substrate-specific transporter activity, such as ion channel activity and ligand-gated ion channel activity. On the aspect of biological processes (Fig. 3C) , four genes are involved in the calcium ion transmembrane transport, and two genes are involved in short chain fatty acid (gamma-aminobutyric acid) transport. As to cellular components (Fig. 3D) , three genes are involved in calcium channel complex.
In particular, for genes that are important for pathways in divalent inorganic cation transmembrane transporter activity (Data in Brief Table 1 ), such as ryanodine receptor 2 (Ryr2), cardiac and calcium channel, voltage-dependent, T type, and alpha 1G subunit (Cacna1g), these are significantly differentially correlated with the expression levels of VegfA and VegfB. Ryr2 and Cacna1g were strongly positively associated to VegfA, with the r values of 0.814, and 0.730, respectively; while both are negatively associated to that of VegfB, with correlation r values of −0.463 and −0.436. Both of these genes are known to be involved in NADPH oxidase and Ca 2+ channels (Souvannakitti et al., 2010) . VEGF-induced angiogenesis is mediated by NAADP and twopore channel-2-dependent Ca 2+ signaling (Favia et al., 2014) . The opposite association of these genes to VegfA and VegfB may reflect the balancing process of this pathway during angiogenesis induction.
Gene network of probes of VegfB and their relationships with probes from other Vegf family genes
The top genes that are closely correlated with the expression of probes of VegfB were identified using a probe for VegfB. The top 50 genes that are closely correlated with the probe for VegfB were identified by the function "Trait Correlation" at GeneNetwork (Data in Brief Table 2 ). Unlike the probesets for VegfA, there is one probeset, which is negatively correlated with the expression level of the VegfB probe. The total value of Rs is 31.817 while the Re is 0.63634. The net sum of Rn values is 33.097 while the average Ra is 0.66194 (Data in Brief Table 2) .
These genes were then analyzed together for their correlations with probes of other genes in the Vegf family. Unlike the 50b genes from VegfA2, the probe for VegfB has a strong positive correlations with 4 other genes. For the probe for VegfA2, it shows negative values with the majority of the 50b genes and has negative correlations with the expression levels of 6 genes (Data in Brief Table 3 Because of the negative correlations of Re values between the 50b genes and VegfA2, further analysis was conducted to examine the relationship of 50b to VegfA2. As shown in Fig. 4A , the R values between most of these genes and the VegfA2 probe fall below 0, while the R values between these genes and the VegfB probe are close to 0.7. The correlation analysis of the R50ba values of these two groups of R values is −0.42758. T-test with paired comparison with two tails resulted in a P50ba value of 1.65366E-24. These data suggest that the interactions of these 50b genes with VegfA2 have a weak negative impact on each other.
GO analysis suggest that, unlike genes highly correlated with VegfA, the majority of genes correlated with VegfB expression levels are involved in cellular components (Fig. 4C) , with only a few genes in Fig. 3B , C, and 3D show the genes falling into different functional groups identified by GO analysis from the top 50 genes that are mostly associated with VegfA. These genes have functional roles in all three functional categories: molecular functions, biological processes, and interactions with cellular components. 3B. Genes identified for molecular functions. 3C. Genes identified for biological processes. 3D. Genes identified for interactions with cellular components. molecular functions (Fig. 4B) , and no genes involved in biological processes. For example, 34 genes participate in intracellular components such as intracellular organelle, membrane-bounded organelle, cytoplasm part, and mitochondrion. Four genes are involved in neuronal cell body. Four genes are identified as being for molecular function, including two genes for ribonucleoprotein complex binding, protein phosphatase 1, catalytic subunit, alpha isoform (Ppp1ca), and CD2 antigen (cytoplasmic tail) binding protein 2 (Cd2bp2), and two genes for oxidoreductase activity, acting on the CHeCH group of donors, with NAD or NADP as acceptor, trans-2,3-enoyl-CoA reductase (Tecr), and believed to be involved in reductase B (flavin reductase (NADPH)) (Blvrb). The expression levels of these four genes are all positively correlated with that of VegfB, with r values of 0.671, 0.614, 0.624, and 0.664, respectively. However, they have either none or negative correlations to the expression level of VegfA, with r values of −0.29, −0.418, 0.053 and −0.085, respectively. Among these four genes, Cd2bp2 showed the largest difference in correlation to VegfA and VegfB, 0.614 + I (−0.418)I = 1.32. CD2BP2 has been reported as a nonredundant splicing factor essential for embryonic development and podocyte integrity (Albert et al., 2015) . These data suggest that future study is needed to explore its function in angiogenesis and interaction with Vegf family genes in retina.
Gene networks of the VegfC probes and their relationships to probes from other Vegf family genes
The probe for VegfC was used for the analysis of the gene network of VegfC. The top 50 genes that are closely correlated with the VegfC probe were identified in the same way as the analysis for VegfA and VegfB. Unlike the genes for VegfA and VegfB, a large number of genes showed negative correlation to the expression level of VegfC probe (Data in Brief Table 4 ). Because of the mixture of negative and positive R values of these 50 genes to the VegfC probe, the total value of their Rs is 5.926 while the Re is 0.1185. The net sum of the Rn value is 29.77 while the average Ra is 0.5954. These genes were then analyzed together for their correlations to probes of other genes of the Vegf family. The Re values of these 50c genes with VegfA1, VegfA2, VegfA3, VegfB, and Pgf are −0.05222, 0.04044, −0.03086, 0.0087, and 0.01486, respectively. The Ra values of these 50c genes with these probes are 0. 33262, 0.1799, 0.06926, 0.24866, and 0.0958, respectively. Further analyses were conducted to examine the relationship between the top 50c genes of VegfC and VegfA2. As shown in Fig. 5A , the R values among VegfA2, VegfB, and the top 50c genes are more closely associated. The R50ca value from two groups of R values between VegfA2 and VegfC groups is −0.1450. The R50 cb value, from two groups of R values, where each group is obtained by comparison of the top 50c genes to either VegfB or VegfC, is 0.8159. These data suggest a strong correlation. Thus, the top 50c genes that are strongly associated to VegfC are also strongly correlated with VegfB, while they are not correlated with VegfA.
GO analysis identified only these genes that are functional in interactions with cellular components from those genes (Fig. 5B) . For example, 35 of these 50 genes are involved with intracellular components, such as organelles. Twenty-eight out of these 50 genes are functional in membrane-bounded organelles. Surprisingly, none of these 50 genes are involved in biological processes or molecular functions, such as binding or transporter activity.
The expression levels of several genes showed significant correlation between VegfC and VegfB, while showing none or moderate correlation to VegfA (Fig. 5A ). For example, Pbx/knotted 1 homeobox (Pknox1) had r Values of −0.631, −0.526, and 0.185 for VegfC, VegfB, and VegfA, respectively; DNA segment, Chr 4, ERATO Doi 429, and expressed (D4Ertd429e) had r values of −0.581, −0.473, and 0.499, respectively, to the three genes; and synaptogyrin 3 (Syngr3) had r values of 0.595, 0.589, and −0.191, respectively, to these three genes. It would be interesting to explore how these genes act together, or are acting in the same pathway with VegfB in the formation or modulation of intracellular components in a future study.
Gene network of probes of Pgf and their relationships with probes from other family Vegf genes
The top 50 genes that are closely correlated with the Pgf probe were identified in the same way as above (Data in Brief Table 5 ). Also, unlike VegfA and VegfB, Pgf did not have as many genes that are strongly correlated with its expression level. There are relatively few genes that show negative correlations with Pgf. The total value of their Rs is 23.8745 while the Re is 0.4775. The net sum of Rn value is 29.8289 while the average Ra is 0.5966. These genes were then analyzed together for their correlations with probes of other genes in the Vegf family. The Re values of these 50p genes with VegfA1, VegfA2, VegfA3, VegfB, and VegfC are -−0.18504, −0.31146, 0.01886, 0.20948, and 0.05052, respectively. The Ra values of these 50p genes with the above genes are 0.23492, 0.4029, 0.08906, 0.24236 and 0.0794, respectively. Further analyses were conducted to examine the relationship between the top 50p genes of Pgf to VegfC, VegfB and VegfA2. As shown in Fig. 6A , the R values of 50p genes to VegfC and VegfB are positively associated to Pgf. The R50pc value between R values from VegfC and Pgf groups is 0.3039. The R50 pb value from R values of VegfB and Pgf groups is 0.8271, suggesting a strong correlation. However, the Pgf group showed negative R values in association to the three probes of VegfA. The R50pa value between Pgf group and the probe for VegfA2 showed a strong negative association, more so than did probes of VegfA2 and VegfA3. To confirm the negative correlation between top 50 genes in Pgf and VegfA genes, the correlation between these 50 genes and VegfA1, VegfA2, and VegfA3 was analyzed. The comparison resulted R values of −0.818579605, −0.952692281 and −0.196636615 for Rpa1, Rpa2, and Rpa3, respectively (Fig. 6B) .
In summary, the expression levels of the top 50p genes that are strongly associated with Pgf are negatively correlated with that of VegfA probes. For example, trafficking protein particle complex 11 (Trappc11) has r values of 0.641 and −0.433 with Pgf and VegfA2 respectively; alanine-glyoxylate aminotransferase 2 (Agxt2) has r values of 0.58 and −0.562 with Pgf and VegfA2, respectively. However, the expression level of many genes from the Ptg top 50 genes were positively correlated with the expression levels of VegfB, while they were negatively correlated with that of VegfA. For example, aspartyl-tRNA synthetase (Dars) had r values of 0.575, −0.478, and 0.379 with Pgf, VegfA, and VegfB, respectively. T-cell receptor gamma, variable 2 (Tcrg-V2) had r values of 0.557, −0.469, and 0.386 with these three genes, respectively. Among these genes, polymorphism of Agxt2 has been associated with increased risk for chronic heart failure, which may be due to distinct disparities of alleles in ADMA, possibly accelerating the progression of chronic heart failure by inhibiting angiogenesis (Hu et al., 2016) . Again, these data imply the importance of coordination among Vegf family genes to regulate genes in the molecular pathway of angiogenesis.
One important fact is that, among all the top 50 genes from all 6 probes, none of them are overlapped between two or more probes. Furthermore, the regulatory expression QTL (eQTL) for the genes in Vegf family are also different (Data in Brief, Fig. 1 ). Thus, although the function of these Vegf family are associated, they are not the same, nor do they closely mimic each other. We further compared the top 500 closely correlated genes among these probes. We found a total of 49 overlapped genes between the top correlates of VegfA2 and VegfB, the most among these probes. VegfC had a similar number of overlapped genes with VegfA2 and VegfB, 11 and 12, respectively (Data in Brief  Fig. 2 ). Pgf had 13 overlapped genes with VegfA2 (Data in Brief Fig. 3) , and 6 and 2 overlaps with VegfB and VegfC, respectively (Data in Brief  Fig. 4 ). These data also suggest that VegfA is closely related to VegfB. Considering the above data, VegfA may have a close negative relationship to Pgf.
Discussion
Our results indicate that the expression levels of VegfA, VegfB, VegfC, and Pgf are not associated with each other. Therefore, the suppression of expression of one of these genes should not affect the expression levels of others. The results also indicate that the regulatory factors that modify the expression levels of these genes are most likely different. Our data suggest that the molecular pathways within which the Vegf family of genes function may be roughly divided into two groups, that of VegfA and pathways for the other genes. The top 50 genes with expression levels most correlated with that of VegfA do not correlate to the expression levels of other Vegf genes. Moreover, the top 50 genes with expression levels correlated with other genes are not correlated with the expression level of VegfA. These data strongly indicate that VegfA functions within its own molecular pathway. In contrast, the top 50 genes correlated with one of the other three genes (VegfB, VegfC, and Pgf) are sometimes correlated with the other two genes of this subgroup. Thus, these three genes may share similar molecular pathways. Lastly, based on GO analysis, the functional pathways within which these four genes operate are found to be different. Although each group of these genes has its own characterization, the majority of the top 50 correlated genes of both VegfB and VegfC are functional at the intracellular level, suggesting high similarity in function between these two genes.
VEGF-A is the most potent pro-angiogenic protein described to date. It induces proliferation, sprouting, and tube formation of endothelial cells (ECs) (Jakeman et al., 1993) . The distinguished expression pattern and pathway of VegfA in mice indicates its vital role in angiogenesis (Carmeliet et al., 1996; Shweiki et al., 1993; Brown et al., 1992; Li and Eriksson, 2001) . Our data indicate that while VegfB is sometimes connected to VegfA, it is mostly connected to VegfC and Pgf. In humans, the function of VEGF-B protein is complex and uncertain. The amino acid sequence of the VEGF homology domain of VEGF-B is approximately 47% and 37% identical to those of VEGF 165 (the predominant isoform of VEGF-A) and PGF, respectively (Li et al., 2012b; Nash et al., 2006) . However, in our study, it seems that the homology domain between the two kinds of genes is not high, since only one gene expression from VegfB is highly correlated with VegfA, and the remaining genes show a negative correlation. It is known that the function and mechanism of VEGF-B are different from that of VEGF-A and PlGF (Zhang et al., 2009; Zhong et al., 2011; Jeltsch et al., 1997; Zhang et al., 2009; Zhong et al., 2011) . Thus, targeted VEGF-B inhibition may also have therapeutic implications for the treatment of ocular neovascular diseases (Zhang et al., 2009 ). The expression pattern and pathway of VegfC is most closely connected to that of VegfB and Pgf. VEGF-C protein induces selective lymphangiogenesis without accompanying angiogenesis as demonstrated by early experiments in transgenic mice (Saaristo et al., 2002; Enholm et al., 2001; Autiero et al., 2003) . Our data indicate that the molecular pathway of Pgf is strongly negatively correlated with that of VegfA. PlGF and VEGF-A induce different gene expression profiles and phosphorylation of distinct tyrosine residues in the tyrosine kinase domain of VEGFR (Park et al., 1994) , while combined administration of these factors enhance VEGF-driven angiogenesis (Odorisio et al., 2002) . Overexpression of Pgf in the skin of transgenic mice results in a significant increase in the number and size of skin blood vessels as well as in enhanced vascular permeability (Otrock et al., 2007; Oura et al., 2003) . One perplexing note is that the expression level of Pgf in mouse retina is relatively low.
The VEGF receptors (VEGFR) identified so far are designated VEGFR-1, VEGFR-2, VEGFR-3 and the neuropilins (NP-1 and NP-2) (Lohela et al., 2009) . These receptors are transmembrane tyrosine kinases, which upon binding of their ligands to the extracellular domain of the receptor, activate a cascade of downstream proteins after the dimerization and autophosphorylation of the intracellular receptor tyrosine kinases. When PIGF combined with VEGFR-1, the combination of VEGF and VEGFR-2 was enhanced (Fuh et al., 1998; Shinkai et al., 1998) . Therefore, PlGF can be a therapeutic target for the treatment of ocular neovascularization.
Multiple targets of the anti-VEGF drugs conbercept and aflibercept have higher affinity with VEGF because the fourth Ig domain of VEGFR-2 is essential for receptor dimerization and enhances the association rate of VEGF to the receptor (Li et al., 2012a; Stewart and Rosenfeld, 2008; Bloch et al., 2012; Sloan and Hanrahan, 2014) . The introduction The g# listed at the outside layer indicate the gene number for each of these 50 genes. 6A. Positive association of top correlated genes among probes of Pgf, VegfB, and VegfC to the top 50 genes that are strongly correlated with the probe for Pgf. 6B. Negative correlation beween Pgf and VegfA to the top 50 genes that are strongly correlated with the probe for Pgf. 6C. Genes identified by GO analysis for biological processes from the top 50 genes that are mostly associated with Pgf.
of domain 4 may enhance the association rate of VEGF and prolong the half-life of the drug (Skaat et al., 2012) . Also, in animal experiments, the vitreous half-life of conbercept is 4.2 days, close to that of aflibercept (4.79 days) and longer than that of ranibizumab (2.88 days) in rabbits (Li et al., 2012a; Stewart and Rosenfeld, 2008) . In our study, similar results lead one to conclude that anti-VEGF drugs seem to obtain more efficacy than monoclonal antibody drugs for eye neovascular diseases.
Anti-VEGF therapy improves the quality of life of patients by restoring their vision (Sloan and Hanrahan, 2014; Bloch et al., 2012; Skaat et al., 2012) . Since most of the existing anti-VEGF drugs are humanized, it is possible that the results of studies on non-primates may not be similar to humans and non-human primates. In addition, studies should take into account the individual differences between patients when the clinical effect is not ideal and choosing to replace the drug or the combination of photodynamic therapy (PD) treatment should be considered.
